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suMMiRY

A specialproblemisencounteredintheap~licationof fuselage
scoopsto a transonicairplanein thatcompressionshocksmustbe avoided
onthesurfaceof thefuselageaheadoftheairinletstopreventboundary-
layerseparationwhichwouldresultinunstableinletflowandlossesin
ram. Subsonicflow,however,canbemintaineddnthefuselagesurface
aheadofan annularinletup to flightMachnumbersofabout1.2andthus
shocksinthisregionthroughboththesubsonicandthetransonicflight
regionscanbe avoidedprovidedthatthefuselageforwardoftheinlet
isa coneoftheproperproportions.Thepresentinvestigationofthis “
typeof inletwasconductedatlowspeedsintheLangleypropeller-
researchtunnelinorderto obtainsomeindicationofthebasiccharac-
teristicsof suchinlets.

Twotheoreticallydesignedconefuselagenosesof different
apexangleandoneogivalnoseweretestedinconjunctionwitham
NACA1-85-050cowlingwhichwasalso’testedintheopen-nosecondition.
Surfacepressuresandinlettotalpressuresweremeasuredatthetops
of thetestconfigurationsforwiderangesof inlet-velocityratioand
angleofattack.

Theresultsoftheinvestigationshowthatsubstreamvelocities
weremaintainedon thethreefuselagenosesovertherangesof angleof
attackandinlet-veloci~ratiousefulforhigh-speedflight.At an
angleof attackof Oo,boundary-layerseparationfromthenoseswasnot
encounteredoverthisrangeof inlet-veloci~ratio.At andaboveits
designinlet-velocityratio,theNACA1-85-050cowlingusedasthebasic
inlethadapproximatelythesamecriticalMachnmiberswiththevarious
nosesinstalledaswhentestedintheopen-nosecondition;thus,data
fortheNACAl-seriesnoseinletsctihe usedinthedesignof instal-
lationsof thistype.At veryhighvaluesof inlet-velocityratio,the

l-SupersedestherecentlydeclassifiedNACARM L6J04entitled
“ALow-SpeedInvestigationof anAnnularT-sonic AirInlet’Jby
MarkR.NicholsandDonaldW. Rinkoski,1947.
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2 NACATN2685

highnegativepressurepeaksencounteredon theinnerpartoftheinlet
lipcausedtheinternalflowto separate. “

IN’T!RODUCTION.-

Theuseof fuselagescoopsoffersseveralsignificantadvantagesin
thearrangementof a fighterairplane:Theductingtotheenginemay
be madeas shortaspossible;goodvisibilitymaybe obtainedby locating
thepilotaheadof theinletsina thinsectionofthefuselage;thegun
installationsmaybe locatedinthenosewheretheywillnotinterfere
withtheairinletsor ducting;andthedirectionalstabili~maybe
improvedby reducingthelateralareaforwardof thecenterof gravity.

A specialproblemisencounteredintheapplicationoffuselage
scoopstoa transonicairplaneinthatcompressionshocksmustbe avoided
on thesurfaceofthefuselageaheadoftheairinletstoprevent.boundary-
layerseparationwhichwouldresultinunstableinletflowandlossesin
ram. Thisconditioncanbe fulfilledonlybymaintainingthevelocity .
of theflowonthissurfaceat subsonicvaluesthroughoutthespeedrange
of theairplane.If thefuselageforwardoftheinletisa coneofthe
correctapexangle,itappearsthatthedesiredsubsonicvelocitiescan .
be maintainedup toflightMachnumbersof about1.2. Lowinlettotal-
pressurelossescanbeobtainedwiththisarrangementandtheinletlip
atthebaseoftheconewilloperateessentiallyina subsonicregion.

Becauseofthegreatinterestintheseinletsand.thedifficulty
of detailedtransonictestingat adequateReynoldsnumbers,a preliminary
studyof suchdesignshasbeenmadeat lowspeedsintheLangleypropelJ.er-
researchtunnel.Obviouslyjmanysignificantphenomenaassociatedwith
compressibilityweretherebynotobserved;however,itwasconsidered
thatthestudywouldindicat&manyof-the%asiccharacteristicsof such
inlets.In thepresentpaperarereportedstudiesof thepressuredis-
tributionsandinlet-fluwconditionsforannularinletsconsistingof
anN/MIAl-seriesnoseinlet(reference1)combinedwithtwotheoretically
designedconenosesof differentapexangleandoneogivalnose,together
withcomparisontestsoftheinletintheopen-nosecondition.Testsin
whicha canopyandwheel-wellfamingWereaddedtothetestnmdelto
providea twin-side-scoopconfigurationa$@icabletoa fighterairplane
aredescribedinreference2.

S-YMBOIS
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inletarea,1.12squarefeet

maximumdismeterof cowltig,27.25inches
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heightof inlet,2.47inches

totalpressure,poundspersq~e foot

predictedcriticalMachnumber

staticpressure,poundspersquarefoot

staticpressureof freestream,poundspersquarefoot

dynamicpressureoffreestresm,poundspersquarefoot.

localveloci@atpointinboundarylayer,feetpersecond

velocityjustoutsideboundarylayer,feetpersecond

averageveloci~offlowat inlet,feetpersecond,

velocityoffreestresm,feetpersecond

horizontaldistancefromstationO (seefig.2),inches

angleofattackof centerlineofmodel,degrees

boundary-layerthickness,normaldistancefromsurfacetopoint
H - Po

where 0.98,inches
%=

MODELANDTESTS

Generalviewsofthemodelareshownasfigure1; linedrawingsof
thethreeannular-inletconfigurationsandcoordinatesof thecurved
noseandof theNACA1-85-050noseinletusedin conjunctionwitheach
of thefuselagenosesaregiveninfigure2. Thethreefuselagenoses
hadthesamemsxhnumdismeterat theinlet.Theshortcotical.nose
hadanapexangleof19°anda ratioof lengthtodiameterofabout3;
whereasthelongconicalnosehadanapexangleof 14°anda ratioof
lengthtodiamete~of approximately4. Thecurvednosewhichhadapprox-
imatelythesamelengthas theshortconicalnosewasdesignedtoobtati
increasedvolumewithinthenose;itsnoseanglewasabout32°.
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A schematicdrawingof thebodyofthemodelshowingthearrange-
ment,instrumentation,andprincipaldimensionsispresentedinfigure3.
Theinternal-flowsystemincludedan axial-flowfanwhichwa~necessary
toobtainthehigherinlet-veloci@ratios.Flowcontrolwasobtained
by varyingthespeedofthemotorandthepositionoftheshutters.The
quantityof internalflowwasmeasuredbymeansofrakesoftotal-and
static-pressuretubesatthethroatoftheventuriandattheexitof
themodel.

Surfacepressuresweremeasuredlymeansof 11to 15flushorifices
distributedalongthetopcenterlineof eachnoseand21orifices
installedinthetopsectionoftheinletlip. Total-pressuresinthe
boundarylayersof theseveralnosesattheentrancestationweremeas-
uredby theuseofa removablerakeofnine0.030-inch-diameterstainless-
steeltubeswithendsflattenedtoformopeningsabout0.005by 0.05inch.
Pressurerecoveriesintheflowadjacenttotheinnersurfaceof thetop
sectionof theinletlipweremeasuredbymeansoftherakeof five

1 -inch-diametertotal-pressuretubesshotiinfigure3. Allpressures
3
wererecordedby photographinga multitubemanometer. .

Thethreeannular-inletconfigurationsweretestedovertheangle-
of-attackrangefrom-2°to@ at inlet-velocttyratiosrangingfrom0.4
to1.5;whereastheopen-nosecowlingwasinvestigatedovertheangle-

.

of-attackrangefrom0°to 60at inlet-velocityratiosrangingbetween0.3
and0.9. All,testswereconductedattunnelspeedsdffrom70to 100miles
perhour;themsxtimnspeedcorrespondstoa Machnumberof0.13anda
Reynoldsnumberof about2 X 106basedonthemaxtiumcowlingdismeter.

RESULTSANDDISCUSSION

Theresultsof the.presentinvestigationarediscussedinthree
sectionsas follows:surfacepressuresonthenoses,surfacepressures

.oq theinletlip,andflow,conditionsat thefilet.

Stiacepressuresonnoses.-%atlc-pressuredistributionsover
thetopexternalsurfaceofthethreeinletconfigurationsarepresented
infigures4 to 6.

Thestatic-pressuredistributionsovertheshortconical-nosecon-
figurationatan angleofattackof 0° (fig.4(b))showthatsubstresm
velocitieswereobtainedovertheentirenoseforlowandmediumvalues
of inlet-veloci~ratio.Theeffectof increasingtheinlet-velocity
ratiowastoraisethevelocitieson thesurfaceofthenose;howeverJ

theseincreaseswereverysmallexceptwithinone-halfcowlingdismeter

— —— —. -. —_—
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aheadof theinlet.S~erstreamvelocitiesoccurredattheinletat
inlet-velocityratiosaboveapproximately0.9. Thesurface-pressureon
thenoseat theinletwasalwaysmorenegativethanthecorresponding
valuethatcouldbe estimatedfromtheinlet-velocityratiobecausethe
inlet-velocitydistribution.wasponunifotiduetotheboundarylayeron
thenoseandtothepressurefieldofthe@let lip.,, 1 .

AThemoresignificsmteffectof increaingtheangleofattackof
themodelwiththeshortc<nicalnosewas~ increase(atthetopof
thenose)theetientof thesuperstreamvelocityfieldaheadof the
inletforinlet-veloci@ratiosaboveapproximately1.1. Smalldecreases
wereeffectedinthelocalvelocitieson thetipofthenoseatthe
inlet;presmably,as indicatedby thedatafort,hetopof thenose
at a= -@, correspondings&ll increaseswereeffectedinthelocal
velocitiesatthebo&tomof thenose.

Velocitiesovertheforwtidpartof thelongc,onicalnose,.althougl
substream,wereslightlyhigherthan-thosefortheshort,co’nicalnose.
(Compd@figs.kand5.) Thisconditioncausedsomeincreasesinthe
extentofthesuperstreamvelocityfieldsaheadof theinletforthe
higherinlet-+elocityratios.”At valuesof inlet-velocityratiobelow
~ity, however,conditionsatthesectionimmematel.yinfrontofthe
inletwereessentiallythe-e as thosefortheshortnose.

Theintroductionof c~ture’to thesides.of thesh~rtnosecaused
decreasesinthesurfacevelocitieswell.forwardonthe””nosebutalso
resul~dinthe’formationof a mihimm”pressureTeaklo&atedQ.5.to1.0
cowlingdiametersaheadof.th~i~etil’-(Com@e-figs.4 and6.) The
su&facevelocities,inthelatterre@onwereapproxhnatelyfree-strecun
valuesatan inlet-velocityratioof.~0’.9atan”an~’eof attackof.Oo.
At theusualhigh-speed.inl.e&veloci~..rakios,however,‘s~erstream
velocitiesdid,notoccur”withih.theukefulr@ge ofangleofattack.
Surfacevelocitiesat:theinletofthe.curyed-poseconj?i~tiori,in
general,wereslightly,lower.thah”thbseforthe.cotiical-noseconfigura-
tionat anygivenvalueof in@-veloci@”ratio,piobablyb-ecauseofthe
improvedalinementofthe&nteringfl&.~~ “ “ - ‘, ~... .. .., .... .. . ..“

!i!h~fo~owingt@le pzysentsthe-ti~:val~d. of.ftiet-veloci~
ratioforwhiclisubstreamvelocities.weremaintained“onthethree’noses
at anglesof at~ck oY’OOand.20:; >~“’..‘ “:, ., -...- .

.
Nose ‘ 0° ‘ a=-20 ‘ .“a=.’

Short’cone ‘ :0..88.
e

0.83
LOngcone ..

●93 .87
Curved .91 .73, --

——.————.—z ——— — ——
—. - .
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For a = @, theprecetigmaximumvaluesweredetemninedb.thecase
of thetwo%onicalnosesby thepressuresonthebottomsurfacesatthe
inlet,andinthecaseofthecurvednoseby thepressuresonthetop
surfaceofthenosewellforwardoftheinlet.-Thesevelocitymtios
exceedtheusualdesignvaluesforhigh-speedflightandthusindicate
thefeasibili~ofthis_@peof inletfora transonicairp@ne.The
criticalM@chnumbercharacteristicsofthetopsurfacesofthethree
noses(predictedby theuseofthevonK&m&n relationship(reference3)
andqualifiedby thefactthatsomeofthehigherinlet-velocityratios
areunobtainableinthehigh-speedflightconditionsdueto chokingof
theinlet)arepresentedinfigure7 fortherangeof inlet-veloci~
ratiooverwhichsuperstresmsurfacevelocitiesoccurre&

Surfacepressureson inletlip.-Thepres&redistributioiwover
theexternalsurfaceofthelipoftheannularinlets(figs.4 to 6)
wereessentiald.ysimilartothoseforthebasicopen-nosecowling(fig.8),
andw’erecharacteristicofthosefortheNACAl-seriesnoseinletsin
thattheywerefairlyflatatandabovetheinlet-velocityratioswhich
wererequiredtopreventtheoccurrenceof a negative“pressurepeakat
theleadingedge.Thepredictedcritical.Machnwnbercharacteristics
forthissurfaceareshowninfigure7 asa.functionof“theinlet-
velocityratioforanglesof attackof 0°and4° andarecomparedin
figure9 at a = 0° withcorrespondingdatafortheNACA1-85-050open-
nosecowling.Thiscomparisonshowsthatat andaboveitsdesigninlet-
velocityratio(thatis,beyondthelmeeof thecurve)thebasicinlet
hadapproximatelythesamecriticalMachnuniberswiththevariousnoses
installedaswhentestedh theopen-nosecondition.Belowthedesign
point,thecriticalspeedsforthelipoftheannular-inletconfigura-
tionsdecreasedmoregraduallywithdecreasesintheinlet-velocity
ratiothandidthosefortheopen-nosecowling,probablybecausethe
presenceofthenosesimprovedthealinementoftheenteringflow.
(Seefig.8.) Thecurvednoseproduceda highercriticalspeedof the
inletlipthandidtheconicalnosesovermostoftherangeof Vi/V.
forthessmereason.Theflowappesrstohatebeen,separatedfromthe

lipof theopen-nosecowlingat ~ = 0.3 becauseof thehigheffective
o

angleof attackofthelip.

Theforegoingresultsindicatethatsatisfactorylipsforthis
typeof inletcanbe designedby applicationofexistingdataforthe
NACAl-seriesnoseinlets;thedesignchartsofreference1 coverthe
selectionof theseinletsforcriticalMachnumbersashighas0.9. In
theuseofthesedatait shouldbenotedthatthecriticalMachnumber
isdefinedastheMachnumberatwhichsonicvelocityisattainedon the
surfaceof thenoseinlet.Testsofairfoilsandstreamlinedbodies
indicatethattheMachnuniberatwhichshockseparationandabruptdrag
increasestakeplaceis somewhatgreaterthanthecriticalMachnumber.

.

.

.

——
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Static-pressuredistributionsaroundthetopsectionof theinletlip
(fi&.10)’showthatnegativepressurecoefficientsoccurredon the
insideof t$elipat i.nlet-veloci~ratiosabove0.9atan angleof
attackof OO. Bothdecreasesin a andfurtherincreasein Vi/Vo

causedrapidincreasesinthevaluesofthesenegative’pressurecoeffi-
cients;tbeinternalflawtherefore@ght be expectedto-<separatefrom
thelower1 p of th&inletintheclimlf,conditionidwhichconibinations

iofhigh=Yes of Vi/Vo and ~ areencountered.Thisresult,together
withthefactthatthecriticalMachnuuibersforthissurfacewerelower
thanthoseforanyothercomporientoftheinletathighvaluesof Vi/Vo
(fig.. 7), stressesthenecessityfortheexperimentaldevelopmentof less
sensitiveinner-lipfairings~

FICJWconditionsat inlet.-Total-pressureandveloci@dSstqibutions
intheboundarylayersofthethreenoses t theinletarepresentedin
figures11and12j respectively. %Theprofiesaretypicalofthosefor
turbulentflow.Decreasesintheinlet-velocitgratiocausedrapid
increasesinboundary-layerthicknessbecauseoftheremiltingincreases
intheadversepressuregradient~ frontof theinlet.E$tensivepres-
surefluctuationsat therecordingmanometerfurnishedan indication

thattheboundarylayerson thethreenoseswereunstableat vi_o~.
Vo. “’

thesampietotil-press&eandveloci~profilesgiveninfiguresI.1
and12 showthat-theflowwas.eitherseparatedoron thevergeof sep-
arationfromthesurfaceofthetwoconicalnosesforthis.testcondition.

. .
Theboundary-layerthicknessb and& ratiaof this’thickness

to theinletheight-b/harepresentedinfigure13--asa fictionof
theMet-veloci@!&itio.Theboundary-layerthicknessesfortheshort
conicalnoseandthecurvednosewereof thesameorderovermostof
the.Vi/Vo&nge andwerea~out19percen>.oftheinletheightfora
typicalhigh-speedhilet-velocity.fatioofO 7 com&redtnabout32per~
centfor.thelongco&&l nose: iAs thehighspeedinlet-velc@i~titio

k
foran installationof.thistyp probablywouldnotbe lesst+an0.6,
theboundary-~yertistabill~ d floyseparatiori{mention~d-inthepre-
cedingparagraphyTo@ab~.mildnotbe encounteredexceptin’“thedl~e
conditionwit%theenginethiottled. -. ..

Total-pre<s~recoveries& theou~erhalfof theinlet~ullus ~
atthb-top“ofth~n@el~ sh~ b fi~e 14. Thelossesforluw
inlet-veloci~ratios,whichincreasedrapidlywithangleof attack,1,
werecausedby theseparatedboundarylayeronthenoses.~(Seefig.Il.
forinner.par_Lof%oundary-lay&profiles’for a = OO.) Thelossesfor
highinlet-velocityratiosWd lowanglesof attackwerecausedby sep-
arationof theflowfi’orntheinnerfairingofthelipdue‘tothenegative
pressurepeakssho& in’figure‘1O.Sinceseparationfromthelipatthe

—.——. ———-z .Z .——. — ——. — —-— .— ---— — -
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bottomof theinletwouldbe especiallysevereintheclim%condition,
thisresultagatistressesthenecessityforfurtherdevelopmentof
inner-lipfairingsforuseatinlet-velocityratiosgreaterthanunity.
Foranglesofattackbetween-2°and-20,theflowdidnotseparatefrom
eithertheinletlip-orthenosesofthethreeconfigurationsforinlet-
velocityrat20sbetween0.7and1.0. Theshortconicalnoseappeared
tohavea somewhattiderseparation-freeoperatingrangeof inlet-
velocityratiothan”didtheothertwonoses.

EwM.MAmOFRlmuL!rs

A low-speedinvestigationhasbeenmadeofthreetransonicfuselage-
inletinstallationsdesignedtomaintainsubstreamvelocitieson the
bodyaheadoftheairinlets.Themoresignificantresultsandcon-
clusionsofthisinvestigationsresummarizedas follows:

1.Sribstresmvelocitiesweremaintainedon thethreecone
fuselagenosesovertherangesofangleof attackandinlet-?elocity
ratiousefulforhigh-speedflight.

2.Thethicknessesoftheboundarylayersontheshortandlong
noseswereabout19and32percentof theinletheight,respectively,
fora typicalhigh-speedinlet-veloci~ratioof 0.7. Boundary-layer
separationwasnotencounteredatan angleofattackof0°overthe
rangeof inlet-veloci@ratiousefulforhigh-speedflight.

3. At andaboveitsdesigninlet-velocityratio,theNACA1-85-ox
cowlingusedasthebasicinlethadappro-tely thessmecritical
Machnwnberswiththevariousnosesinstalledaswhentestedinthe
open-nosecondition.Belowthisdesignpoint,thecriticalspeedsfor
theMet lipof theannular-inletconfigurationsdecreasedmoregradually
withdecreasesininlet-velocityratiothandidthoseforthebasic
cowling.Thus,&ta fortheNACAl-series’noseinlets,whichcoverthe
rangeof criticalMachnumberup to0.9,canbe usedinthedesignof
installationsof thisme.

4.At veryhighvaluesof inlet-veloci@ratiothehighnegative
pressurepeaksencounteredontheinnerpartoftheinietlipcaused
theinternalflowto separate.Thisresultstressesthenecessityfor

a

...—— ——
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thedevelopmentof lesssensitiveinner-lipfairingsfor inletswhich
operateat inlet-veloci~ratiosexceedingunity.

LangleyAeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics

Langleyl?ield,Vs.,October11,194-6
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(a) Short conical nose.

I
, I

L.,,
~’
\,

(b)Longconicalno8e.

(.) Curvednose.

Figure1.-Generaltieimofthemodelwith
configurations.

—
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thethreeamularinlet
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ShoPf conical nose 7

NAGA /-85050COW/ii7~~

Curved nose
Loq com’cu/ nose

/40°

75!o0 Long conical nose
Inches

[

x

-5&cQ
-52*CQ
+o.cm
“47.50
-.45.co
-@.oo
“35*OO
-30.00
-25.03
-20.00
-15*W
-Io.cfl
-5.00

CooW.n9tes of CurvedNose ad Cowling

Y x Y Y’ x Y! x YJ

o -2.50 8.90----- 1.2.312.30
.57 0 9.lC11.62 1.
1.09 .03
1,69 .C% —-
2.29 .U
3&2 .20
&59 .3’ --- XL.91 30.41
547 4 —-- xl.% 4.
6.33 .% —- 12.05 4.7713.02I13
7.07 g —- U.n 5.4513.rlLE.
7.71 --- 12.16 6.1313b20of cOwl&
8.23 .95 —- 12.21 6.8213.27 0.05
8.701.09 -- 12.25 7.4913.34

Figure 2,- Arrangement and tisiona of severalannularinlet
configmratione.All dimensionsareinInches.
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Stat;on b /.3 b25 6%!54 //5,54

Figure 3.- Schmmtic drawing of body of maid
instrumentatlon,andprincipal(llmenslons.
inches.
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CowiingPmG/e

.

.- ., ,..

. . .. . .. ) (a).a = -2°. ‘

Figure4.-Static-pressure~stributionsovertopextern&surfaceofmodel
withshortconicalnoseinstalled.
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(b) a = OO.

Figure4.-Continued.
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(c)” cL=2°.

. . Figme 4.-Continued.
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(d) a

Figure4.-

= 4°.

Continued.

.

.

.
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(e) a

Figurek.-

= 6°.

Concluded.
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Figure5.-
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(a) a=-2°.

Static-pressuredistributionsovertopexternal
withlongconicalnoseinstalled.

surfaceofmodel

.

—— ——. — ——.——



.

NACATN2685 19

(b) a = OO.

Figure5.- Continued.
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(c) a

FigureS.-

= ~o.

Continued.

.
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(d) a

Figure

..

5.-

= 4°. “

Continued.

. .

\
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(e) a

Figure5.-

= P.

Concluded.
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Cow/in~prof;/e

,-

.

I

Hose @wfi/e

I

(a) a = -2°.

Figure6.- Static-pressuredistributionsovertopexternalsurfaceofmodel‘
withcurvednoseinstalled.

.
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(b) a = OO.

Figure6.- Continued.
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(c) a

Figure6.-

= 2°.

Continued.

“
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(d) a = 4°.

Figure6.- Continued.

.
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,

Figure7.- PredictedcriticalMachnumbercharacteristicsoftopsurfaces
oftheannularimletconfigurations.
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(a) a=OO. (b) a = 2°. (c) a = 4°. (d) u=d. “

Figure8.-Statit-pressure dtitribtiione over top exkernal surface of the
NACA 1-85-050 open-nose cowling.
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Figure9.-Effect of noses on critical Mach number chamcteristica of H
external mrface of lip of IIACA1-85-050cowling. a = OO.

2
N
m
E

.



I

I

I

1

I

----- -. . . . ... .

(a) a = OO.

Figure 10.- Static-pressure tiatributions around top eection of lip of
NACA 1-85-073cowllng with the three noses Installed.
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(?))a = 4’3. .

Figure10.- Concluded.
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(a) Short conical nose. (b) Long conical nose. (c) Curved nose.

Figure 1.1.- Total-preseure ikkkributiona in the boundary lEyers of the
three noaea at the inlet. a = OO.
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(a) Shcmtcom-calnclm. (b) Long conical nose. (c) Curved nose. H
2

Fl~~ 12.-.Velocity distributions in the boundgry layers of the three
noses at the inlet. a=O .
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NACATN2685

Figurel~.-Bount&y-layerthickness->onthethreenosesat theinletasa
fui+cti.onof inlet-velocityratio.a = OO./
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I (a) Short conical noae.

Figure 14.- Tot.al-pressurerecoveries in the outer half of the Met
annuluB at the top of the Db3del. Station 0.75.
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(b) Lmg conical nose.

Figore 14.- Continued.
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(c) Curved nose.

Figure 14.- Concluded.
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